Abstract The freshwater bryozoan Fredericella sultana is the most common primary host for the myxozoan parasite Tetracapsuloides bryosalmonae, causing proliferative kidney disease (PKD) in salmonid fish. An Illumina nextgeneration sequencing library containing genomic DNA from both T. bryosalmonae and F. sultana yielded 10,653 microsatellite motifs. Twenty-four loci were tested in both species and 12 novel polymorphic tri-and tetranucleotide microsatellite markers were developed for F. sultana. These markers provide a valuable resource for population genetic studies of F. sultana, whilst the apparent lack of microsatellites in the PKD agent suggests a low frequency of tri-and tetranucleotide repeats in the T. bryosalmonae genome.
Fredericella sultana Blumenbach, 1779 (Bryozoa: Phylactolaemata) is a common freshwater bryozoan across Europe and also occurring in Asia, Australia and New Zealand. It is the most common host of the myxozoan parasite Tetracapsuloides bryosalmonae (Okamura and Wood 2002) , which causes proliferative kidney disease (PKD) in farmed and wild salmonids. As no direct transmission between fish is possible, F. sultana plays a key role in the spread and occurrence of PKD. Since bryozoan colonies can grow rapidly, reach high densities and disperse via colony fragments, understanding the population genetic parameters of both host and parasite is important for assessment of potential parasite dispersal and the spatial distribution of PKD (Okamura et al. 2010) .
Here, we used Illumina MiSeq paired end sequencing to generate novel genomic sequences and to develop novel microsatellite markers for the F. sultana and T. bryosalmonae host-parasite system. Approximately 1,000 T. bryosalmonae sacs were collected by dissection from F. sultana (River Itchen, Hampshire, UK). Genomic DNA (gDNA) from parasite sacs without any visible host material was extracted using a Qiagen Blood and Tissue kit. A Nextera library (40 ng of gDNA) was prepared and sequenced on a 50 % of a paired end (2 9 150 bp) MiSeq run in-house at the Natural History Museum, London. The paired reads were quality controlled separately using end-trimmed until the first base of quality score [25 was encountered, reads with average quality score \25 and those containing any ambiguous bases discarded). Postcleaning, paired end reads were joined and 5,775,223 contigs were searched for microsatellite motifs.
A total of 10,653 microsatellite motifs (di-, tri-, tetraand pentanucleotides) were identified from the raw reads using msatcommander v.1.0.8 software and primers for 865 microsatellites (repeat number 6-47, potential duplicates removed) were designed using Primer3 software (Electronic supplementary material, Table 1 ). Twenty-four microsatellite loci were tested in a panel of 17 F. sultana individuals from seven populations consisting of 10 T. bryosalmonae infected and seven parasite-free specimens. Also, six T. bryosalmonae-infected brown trout (Salmo trutta) kidney samples collected from five rivers (Estonia) were screened.
PCR amplifications were performed in 6.1 ll total reaction volume, which included ca 10-100 ng of DNA, 0.6 lM of forward and 1.2 lM of reverse primers, 0.5 lM of FAM, VIC, NED, PET-labeled universal M13 primer and 3.0 ll of 2xQIAGEN multiplex Master Mix. Amplification conditions were: initial denaturation at 95°C for 15 min, 15 cycles of 30 s at 94°C, 1 min 30 s at 58°C, 60 s at 72°C, followed by 25 cycles of 30 s at 94°C, 1 min 30 s at 52°C, 60 s at 72°C and a final extension of 10 min at 60°C. Fragment analyses were carried out on ABI PRISM 3130xl (Applied Biosystems, USA) with LIZ600 size standard. Genotyping was performed using the software GeneMarker v. 1.6 (Soft Genetics, USA).
Of 24 screened microsatellite loci (22 tri-, 2 tetranucleotide repeats), 12 primer pairs were polymorphic in F. sultana (Electronic supplementary material, Table 2 ). These loci did not amplify in PKD infected fish kidney nor in gDNA extractions from single parasite sacs, indicating that they belong to F. sultana. No loci amplified from material expected to contain no F. sultana, suggesting all 24 loci originated from F. sultana. The number of alleles of F. sultana microsatellites ranged from 7 to 16 (mean 10.7). The expected and observed heterozygosity ranged from 0.82 to 0.97 and from 0.45 to 1.00, respectively.
Interestingly, none of the tested microsatellite markers amplified in T. bryosalmonae, despite the fact that the gDNA extraction for the MiSeq library was purified parasite material, with only residual host carry-over. To check the proportional representation of F. sultana and T. bryosalmonae in the genomic library, blastn searches with 300 bp sections of the small subunit rRNA gene of F. sultana and T. bryosalmonae were conducted against the joined MiSeq reads. For F. sultana and T. bryosalmonae, 81 and 495 ssu rDNA matches to the respective queries were found. Despite potential copy number and genome size differences between the two species, these results confirm that T. bryosalmonae should have been significantly overrepresented in the MiSeq library. Therefore, it is likely that the frequency of tri-and tetranucleotide simple repeats in the genome of myxozoan parasite T. bryosalmonae is much lower compared to its bryozoan host F. sultana.
This study reports the development of twelve novel microsatellite markers for F. sultana that will complement the relatively small number of existing microsatellite loci in this species (Hartikainen and Jokela 2012) . Our work also revealed that trinucleotide microsatellite motifs are likely rare in the genome of T. bryosalmonae.
